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CHAPTER I
GENERAL INTRODUCTION
A d u l t  a n i r n a l s ,  l i v i n g  i n  a  c o n s t a n t  b i o l o g i c a l l y  a d e q u a t e  e n v i r o n m e n t ,
ma in ta i n  a  ba lance  be tween  ene rgy  up take  and  ene rgv  expend i t u re .  The
e n e r g y  s t o r e  o f  t h e  b o d y  d o e s  n o t  f l u c t u a t e  m u c h ,  a s  t h e  c o n s t a n c y  o f
body  we igh t  and  body  compos i t i on  s t r ows ,  wh i l e  t he  s to re  i s  sma l l  i n
c o m p a r i s o n  t o  t h e  d a i l y  e n e r g y  t u r n o v e r ,  e s p e c i a l l y  i n  s m a l l  a n i m a l s .
T h i s  c a n  b e a c l . i e v e ' J  e i t h e r  b y  c o n t r o l  o f  t h e  u p t a k e  o r  t h e  e x p e n d i t u r e
o f  e n e r g y .
Tha t  an  an ima l  adap t s  i t s  up rake  t o  t he  expend i t u re  o f  ene rgy  i s
we i l  known .  S tud ies  on  t h i s  po in t  we re  done  by  man ipu la t i ng  ene rgy  ex -
pend i t u re  v i a  a  change  o f  env i r onmen ta l  t empe ra tu re  o r  v i a  t he  amoun t
o f  a c t i v i t y  i m p o s e d  o n  t h e  a n i m a l .  C o r t l e  a n d  C a r l s o n  ( 1 9 5 4 )  i n c r e a s e d
t h e  e n e r g y  e x p e n d i t u r e  i n  r a E s  b y  l o w e r i n g  E h e  e n v i r o n m e n t a l  t e m p e r a -
t u re  f r om 25o  C ,  a  va l ue  i n  o r  c l ose  t o  t he  t he rmoneuL ra l  zone  o f  t hese
. - o ^
an ima l s ,  t o  5 "  C .  An ima l s  p l aced  i n  t h i s  co l d  env i r onmen !  a te  tw i ce  as
much  as  t he i r  con t ro l s  i n  t he  wa rm env i r onmen t .  Maye r  e t  a l .  ( 1954 )  ex -
e r c i s e d  r a t s  i n  a  t r e a d m i l l  w i t h  a  s p e e d  o f  o n e  m i l e  p e r  h o u r .  T h e  a n i -
ma l s  p rac t i ca l l y  doub led  t he i r  f ood  i n t ake  when  t he  du ra t i on  o f  exe r -
c i se  was  i nc reased  f r om one  t o  s i x  hou rs  pe r  day ,  wh i l e  bod . v  we igh t  was
ma in ta i ned .  The  measu red  changes  o f  f ood  i n t ake  we re  rep resen ta t i ve  f o r
e n c r g y  r . r p t a k e  b e c a u s e  i n  a d u l t  r a t s  i m p o r t a n t  c h a n g e s  o f  d i g e s r i o n  e f -
f i c i ency  i n  r e l a t i on  t o  l he  l eve l  o f  f ood  i n t ake  a re  neve r  f ound
( N e h r i n g  e t  a l . ,  1 9 5 9 ) .  I n  b o t h  e x p e r i m e n E s  m e n t i o n e d  a  b a l a n c e  b e t w e e n
up take  and  expend i t u re  was  reached  aga in  unde r  t he  new  c i r cums tances  as
shown  by  t he  cons tancy  o f  body  we igh t  du r i ng  more  t han  one  week .  Mo re -
ove r ,  t he  s i ze  o f  t he  rese rves  was  p robab l y  no t  i - n f l uenced  because  t h i s
body  we igh t  had  t he  no rma l  va l ue .
To  conc lude ,  an  an ima l  can  change  i t s  ene rgy  up t . ake  w i t h  a t  l eas t
a  f ac to r  two  f o r  adap t i ng  i t  t o  t he  expend i t u re  o f  ene rgy .
T h e  p o s s i b i L i t i r  t h a t  i t n  a n i m a l  a d a p t s  i t s  e x p e n d i c u r e  t o  t h e  u p -
t a k e  o [  e n e r g y  i s  o f t e n  c a l l e d  i n  q u e s t i o n .  R e c e n L l y  L e  ] 4 a g n e n  ( 1 9 7 4 )
c v c n  s L A L ( ' d  t l ) a t  L I ) e  (  L \ t ) t r r r l  d f  c n c r q y  o x p e n d i t u r e  i s  c ( , n L r ; r r y  t o  w h a L
b o d y  v i e i g h t  w o u l c i  r e q u i r e  i n  v i e w  o f  h y p e r a c t i v i t y  i n  f o o d  d e p r i v a t i o n
a n d  h y p o a c t i v i t y  i n  o b e s i t y .  l n v e s t i g a t i o n s  o n  t h i s  p o i n L  a v a i l a b L e  i n
t h e  l i t e r a t u r e  i n v o l v e d  e i t h e r  p a r t i a l  ( K e y s  e t  a L . ,  1 9 5 0 ;  G r a n d e  e t
i r 1 . ,  l 9 5 B ;  M e y e r  a n d  C l a w s o n ,  1 9 6 4 ;  l " l a l k t ' r  a n d  t l a r r e t t ,  I 9 7 0 ) ,  o r  L r o m -
p l e t e  ( C u m n r i n g  a n d  M o r r i s o n ,  1 9 6 0 ;  K l e i b e r ,  l 9 6 l ;  l l o r r i s o n ,  l 9 6 B )  f o o d
d e p r i v a L i o n  o r ,  o n l y  i n  m a n ,  r a i s i n g  o f  i n t a k e  b y  o v e r f e e d i n g  ( l { i 1 l e r
c n d  l ' 4 u m I o r d ,  1 9 6 7 \ ,  I n  t l r e s c  e x p e r i r n c n L s ,  c o n L r . l r y  t r r  t h o s e  i n  w h i e  h
e x p e n d i t u r e  w a s  m a n i p u l a r e d ,  b o d y  w e i g h t  d i d  n o t  r e m a i n  a !  t h e  e q u i l i -
b r i u m  1 e v e 1  f o r  a d  l i b i t u m  c o n d i t i o n s .  A  n e w  b a l a n c e  b e t w e e n  i n t a k e  a n d
e x p e n d i t u r e  w a s  r e a c h e d  o n l y  s o m e t i m e s  ( K e y s  e t  a 1 . ,  \ r l a l k e r  a n d
G . 3 r r e t t ,  l . c ,  ) .  T l r e s e  f e c L s  c o m p l  i c a L e  t h e  i n L . " r p r e t i r I i o n  o t  L l ) c  r e -
s u l t s  w i E h  r e s p e c t  t o  t h e  q u e s t  i . r n  o [  r : . :  '  :  
. '  
.  
. r t .  i ' :  , r .  , . :  -
l ; , i , t t s .  S o m e  m e t a b o l i c  s a v i n q s  w i l l  r e s u l t  f r o n  t h e  m e r e  f a c t  t h a t  t h e
*
u n d e r I e d  s u b j e c t " ' h a s  t o  h a n d l e  a n d  d i q e s t  l e s s  f o , r d  ] l r r r € o v € r ,  d u r i n g
n ; t r l  i a l  r r r  c o n r r r l p l e  l  - - : " ^ r :  -  ' !  -  t  o l r r c , r o a n  . r n d  l e T  , r r  p r / o n  n l r t <r \  L r  u i H r  r  r ( u r r s  5 ! \ \ v F (
o f  t h e  c e l  l s  t h e m s e l v e s  a r e  u s e d  a s  f u e l .  B o d y  m a s s  w i l  I  d e c r e a s e ,  a n d
r h i s  i s  b o u n d  t o  c 3 u s e  d  d r o p  i r L  m e L a b o l i s m .  H o w e v e r ,  I o L l o w i n g  C u m m i n g
a n d  l l o r r i s o n  ( 1 . c . ) ,  T  w i L l  n o t  c e l l  r h e s e  d e . . r e a s e s  t a d e p t i v e t .
R a t h e r .  I  a m  i n c l i n e d  t o  r e s t r i c t  t h i s  t e r n  t o  t h e  c a s e  w h e r e  L h e  u n -
d e r I e d  a n i r n a l  s p e n d s  I c s s  f r e e  e n e r g y  o n . r  g i v e n  I u n c t i o n  ( e . g .  p r o L e i n
E u r n o v e r ,  o r  m u s c u l a r  e f f o r t  f o r  a  g i v e n  b e h a v i o u r )  t h a n  a n  a d  l i b i c u m
f  ed  conspec i f  i c  t -  L i t e  se t l v  r t t : t g i 1 |  and  body  , - , c rT i r t r s r l  l . i ' r r r  wou ld  do  (p .71 ) .
I f  t h i s  p h e n o m e n o n  c o u l d  b e  s h o \ r n  t o  e x i s t ,  a  b a s i s  w o u l d  t h e r e b y  b e
l a i d  f o r  t h e  v i e w  t h a t  e v o l u t i o n  h a s  p r o v i d e d  t h e  i n d i v i d u a l  w i t h  a
^ - ^  - :  ^ 1  ^ ^ . . ^ L :  r :  + "  r f  e k i  n s  o u t  i  t s  n r o v i s i o n s  i n  o r d e r  L o  i n c r e a s e  L h eL d P a u ,  r l L y  u r  l L J  t s l u
c h a n c e  L h a t  i t  m a y  t i d e  o v e r  t e m p o r c r y  t o o d  s c e r c i r y ,  a  c o n d i t i o n
x_.
" T h i s  d i s c u s s i o n  e m p h a s i s e s  t i r e  c a s e  o f  u n d e r f e e d i n g ,  s i n c e  t h i s  i s  t h e
o n l y  c o n d i t i o n  u s e d  i n  m y  e x p e r i m e n t s .  A n  a n a l o g o u s  d e f i n i t i o n  o f ' a -
d a p t a t i o n  o f  e x p e n d i t u r e  t o  u p t a k e '  c a n  b e  f o r m u l a t e d  f o r  t h e  c a s e  o f
o v e r f e e d i n e .
co f i non  i n  t he  na tu ra l hab i t a t  o f  many  spec ies .  Howeve r ,  such  a  de f i n i -
t i o n  o f  a d a p t i v e  r e s ! r i c t i o n  o f  e x p e n d i t u r e  i n v o l v e s  f o r m i d a b l e  o p e r a -
t i o n a l  d i f f i c u l t i e s .  I  s h a 1 l  r e E u r n  t o  s o m e  a s p e c t s  o f  t h i s  p r o b l e m s  i n
c h a p t e r  8 .  F o r  t h e  m o m e n t  i t  w i l l  s u f f i c e  t o  s t a t e  t h a t  c o n c l u s i o n s  i n
t he  t i ce ra tu re  a re  no t  unan imous  as  t o  r he  ques t i on  whe the r  o r  no t
c h a n g e s  i n  m e t a b o l i s m  c a u s e d  b y  m a n i p u l a t i o n  o f  f o o d  i n L a k e ,  c a n  b e
a c c o u n t e d  f o r  e x c l u s i v e l y  i n  t e r m s  o f  c h a n g e d  b o d y  m a s s  a n d  c e s s a t i o n
o f  f o o d  p r o c e s s i n g .  C u m m i n g  a n d  M o r r i s o n  ( 1 9 6 0 )  s t a t e :  ' T h e  t o t a l  e n e r -
g y  e x p e n d i r u r e  o . [  L h e  r a t s  I e 1 I  d u r i n g  t h e  4 B  h r  f a s t  a n d  r o s e  d u r i n g
re feed ing .  L t r en  t he  changes  i n  body  we ighc  and  f ood  i n t ake  we re  a l l owed
fo r ,  t he  me tabo l i c  r a te  was  f ound  t o  r ema in  cons tan t  t h roughou t  t he
w h o l e  e x p e r i r n e n t a l  p e r i o d t ,  I n  c o n t r a s t ,  W a l k e r  a n d  G a r r e t t  ( 1 - o 7 0 )
c o n c l u d e  t h a t  e v e n  a f t e r  c o r r e c t i o n  f o r  b o d y  s i z e  r e d u c t i o n ' t h e  e n e r g y
expend i t u re  dec l i ned  marked l y  as  t he  pe r i od  o f  unde rnu t r i t i on  was  p ro -
l o n g e d ' .  ( T h e y  d i d  n o t  t a k e  i n t o  a c c o u n t  c h a n g e d  c o s t s  o f  f o o d  p r o c e s -
s i n g ,  b u t  E h i s  e f f e c c  w i l l  b e  c o r ) . s t a n t  f r o m  a b o u t  t h e  s e c o n d  d a y  o n -
n a r d s ,  w h e r e a s  t h e  d e c r e a s e  c o n t i n u e d  b e y o n d  t h a t  t i m e , )
T h e  p r e s e n t  s E u d y  i s  a  c o n t r i b u t i o n  t o  t h e  f u r t h e r  a n a l y s i s  o f
t h e  p r o b l e r n  o f  a d a p t a t i o n  o f  e n e r g y  e x p e n d i t u r e  t o  u p E a k e .  C l e a r l y ,
t h i s  c a n  n o t  b e  s o l v e d  b y  t h e  s t u d y  o f  t o t a l  m e t a b o l i c  r a l e  a l o n e ,  b u t
on l y  by  an  ana l ys i s  o f  t he  va r i ous  componen ts  l ha t  make  up  t h i s  t o t a l .
C u s t o m a r i l y  f o u r  c o m p o n e n t s  a r e  d i s t i n g u i s h e d  i n  t h e  e n e r g y  r n e t a b o l i s m
o f  a  h o m e o t h e r m  ( G e s s a m a n ,  1 9 7 3 ) :  b a s a l  m e t a b o l i s m ;  m e t a b o l i s m  a b o v e
t h e  b a s a l  l e v e l  w h i c h  i s  u s e d  f o r  t h e r m o r e g u l a t i o n ;  m e t a b o l i s m  a s s o c i a -
t e d  w i t h  a c t i v i t ' 1 ;  a n d  m e t a b o l i c  p r o c e s s e s  i n v o l v e d  i n  t h e  d i g e s t i o n  o f
f o o d .  I  s h a l l  u s e  t h e  s a m e  d i v i s i o n .  H o w e v e r ,  i t  s h o u l d  b e  p o i n r e d  o u t
t ha t  wha t  I  can  rneasu re  i n  my  expe r imen ts  i s  no t  t he  ra te  o f  ene rgy
e x p e n d i t u r e  e . g .  o n  t h e  p r o c e s s  o f  p e r f o r m i n g  m u s c u l a r  a c t i v i E y ,  b u t
on l y  t he  d i f f e rence  i n  meuabo l i c  r a te  be tween  t he  pe r i od  du r i ng  wh i ch
tha t  ac t i v i t y  t akes  p l ace  and  pe r i ods  i n  wh i ch  t he  an ima l  i s  no t  en -
g a g e d  i n  m u s c u l a r  a c E i v i t y .  T h i s  d i f f e r e n c e  g i v e s  r h e  c o s t  o f  a c r i v i r y
on l y  i f  t he  o the r  componen ts  o f  ene rgy  expend i t u re  ( d i ges t i on  and  o the r
p r o c e s s e s  i n  r e s L i n g  m u r a b o i i s m )  p r o c c e d  a t  r l r e  s J m e  r a L c  i r r e s p e c L i v e
o f  t h e  o c c u r r e n c e  o f  r n u s c u l a r  a c t i v i t y .  T  h a v e  n o  m e a n s  o f  a s c e r t a i n i n g
w h e t h e r  t h i s . i s  : ; o ,  b u t  i t  s e e m s  l r i g h l v  d o u h t f u l  f o r  i n s t a n c e  i n  v i e w
n L  I h e  e f f e ,  t s  o I  s y m p a t h e r i . '  d i s c l r a r g e  a n d  e J r e n o m e d u l  l a r y  s e c r e t i o n
c a u s i n g  s p l a n c h n i c  v a s c u l a r  c o n s t r i c t i o n ,  i n l r i b i t i o n  o f  l i p o g e n e s i s ,
e t c .  I n  p r i n c i p l e  t h e r t f o r e  I  c e n  s t . r t e  o n l - v  t h e  d i f f e r e n c e  i n  m e t a b o -
l i c  r : a t e  b e t w e e n  t h e  f  o L l o \ ^ / i n g  , ' . ) / r r 1 1 .  f . i : r t t s : .  l )  a n i m a l  r e s t i n g  i n  t h e  p o s t
; r b s o r p t i v e  s L a t c ,  2 )  e n i m a l  r e s r i n g  r n d  p r o (  e s s i n g  f o o d .  3 )  a n i m a l  a c -
t i v e .  F o r  b r e v i t y ,  h o w e v e r ,  I  s h a l l  d i s c u s s  m _ v  r e s u l t s  i n  t e r m s  o f  a
r e s t i n g ,  a  f o o d  p r o c e s s i n g ,  s n d  - - L n  e c t i v i t y  , z o n r t ' t '  ) t ' +  c r f  m e t a b o l i s m  (
( s e e  a l s o  p . 6 5 ) .  T h e  p o s s i b l e  i n f l u e n c e  o f  L h e  d e m a n d s  o f  t h e r m o r e g u l a -
t i o n  o n  m e t a b o l i c  r a L c  c o u l d  b e  s t u d i e d  i n  p r i n c i p l . ' b y  m a k i n g  o b s e r -
v a t i o n s  a f  d i f f e r e n t  a m b i e n t  t e m p e r i r t u r e s .  F o r  i n s t a n c e  i f  t h e  a n i m a l
i s  p l a c e d  i n  t h e  c o l d ,  t h i s  s h o u l d  l e a d  t o  a n  i n c r e a s e  i n  o n e  o r  m o r e
o f  t h e  o L h e r  L l r r e e  c o m l ) o n e n t s  o f  m c t l b o l i s m .  S u e l r  r e m p e r d t u r e  c x p e r i -
m e n L s ,  h o w e v e r ,  f e l l  o u t s i d e  t h e  s t ' o p e  o I  t h e  p r e s e n t  s t u d y .
T h e  l a b o r a t o r y  r e t  w a s  c h o s e n  a s  t h e  s r r h . i e c t  o f  m v  e x p e r i m e n t s  b e -
c a u s e  i t  i s  c o m m o n l y  u s e d  i n  s t u d i e s  o n  c a l t r r i c  r e g u l a c i o n .  I n t a k e  w a s
c h a n p e d  i n  o n e  d i  r e c t  i , r n  n n l v  n A h p l v  r e d r r c f i o n -  A l  I  e r n c r i m e n t s  w e r eJ  t  r r s i ' r \
d o n e  a t  t h e  s a m e  t e m p e r a t u r e  i n  t h e  t h e r m o n e u t r a l  z o n e  o f  f h e  r a t s  f o r
E w o  r e a s o n s ,  F i r s E ,  I  w i s h e d  ! o  a v c i d  t h e  c o n r p l i c a t i o n  o f  s p e c i a l  ( a n d
n o t  d i r e c t l y  m e a s u r a b l e )  h e a t  p r o d u c t i o n  f o r  t h e r m o r e g u l a t i o n .  S e c o n d ,
e x p e r i m e n t s  w i t h  f o o d  d e p r i v e d  a n i m a l s  c a n  b o  c o n t i n u e d  l o n g e r  w i  t h o u t
l p f h a l  p f I p c t s -  f o r  a L  t e m n e r a t u r ( , s  i n  o r  n e a r  l l r e  L h e r m r . n e u t r a l  z o D e
a n i m a l s  c a n  r n o b i l i z e  m o r e  o f  t h e i r  e n e r g y  s t u r e s  a s  s h o w n  b y  d a t a  o n
b i r d s  ( K e n d e i g h ,  1 9 4 5 )  a n d  r a t s  ( K l e i b e r ,  1 9 4 5 )  s t a r v e d  t i l l  d e a c h  a t
d i f f e r e n t  t e m p e r a t u r e s ,  C o n s e q u e n t l y  i n  m y  e x p e r i m e n t s ,  n o t w i t h s t a n d -
i n g  l o n g  p e r i o d s  o f  f o o d  d e p r i v a t i o n ,  o n l v  t w o  o u t  o f  m o r e  t h a n  o n e
h u n d r e d  a n i m a l s  d i e d :  t h e  o t h e r : s  c o u l d  b e  r e f e d .
T h e  e n e r g y  e x p e n d i t u r e  w a s  m c a s u r e d  b y  t w  m e t h o d s :  l )  a  b a l a n c e
t e c h n i q u e  ( c h a p t e r  3 ) ,  c a l c u l a t i n g  e x p e n d i t u r e  f r o m  f o o d  i n t a k e ,  f a e c e s
p r o d u c t i o n  a n d  c h a n g e s  i n  b o d y  r e s e r v e s ,  a n d  2 )  i n d i r e c L  c a l o r i m e t r y ,
c a l c u l a t i n g  e x p e n d i t u r e  f r o m  t h e  g a s  e x c h a n g c  o f  t h c  a n i m a l s  ( c h a p r e r s
t
4 -7 ) .  By  i nc reas ing  t he  t empo ra l  r eso lu t i on  o f  t he  l a t t e r  me thod  and
comb in i ng  i t  w i t h  o the r  r echn iques  a  de ta i l ed  ana l ys i s  o f  t oLa l  expen -
d i t u r e  i n t o  i t s  c o m p o n e n t s  w a s  m a d e  p o s s i b l e ,  T h i s  p r o c e c i u r e  w i l l  b e
d e s c r i b e d  i n  d e L a i l  i n  c h a p t e r  2 .
I  f i r s t  de te rm ined  t he  change  i n  t o t . a r  expend i t u re  du r i ng  f ood
dep r i va t i on  ( chap re r  3 ) ,  Th i s  change  \ ^ / as  f u r t he r  ana l ysed  i n  t e rms  o f
t h e  e n e r g e t i c  c o n s e q u e n c e s  o f :  l )  t h e  c e s s a E i o n  o f  f o o d  p r o c e s s i n g
( c h a p t e r  4 ) ; 2 )  c h a n g e s  o f  a c r i v i r y  ( c h a p t e r  5 ) ;  a n d  3 )  c h a n g e s  o f
f a s t i n g  r e s t i n g  m e t a b o l i c  r a t e  ( c h a p t e r  5 ) .  F i n a l l y  t h e  c o n s e q u e n c e s
o f  t he  expend i t u re  changes  f o r  r egu la t i on  o f  body  t empe ra tu re  we re
s t u d i e d  ( c h a p t e r  7 ) .  w i t h  r e s p e c t  t o  t h e  f i r s t  p o i n r  i u  i s  r e g r e t t a b l e
tha t  t he  ene rgy  expend i t u re  on  f eed ing  behav iou r  cou ld  no t  be  sepa ra -
red  f r om Lha t  on  o the r  behav iou r .  The re fo re  my  es t ima te  o f  t he  ene rgy
e x p e n d i t u r e  a s s o c i a r e d  w i t h  f o o d  p r o c e s s i n g  i n c l u d e d  o n l y  t h e  c o s t s  o f
i n t e rna l  p r : ocess ing ,  wh i l e  f o r  i ns tance  f ood  hand l i ng  was  measu red  t o -
ge the r  w i t h  t he  cos t s  o f  non - f eed ing  behav iou r .
